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摘  要 
IX 
摘  要 





嗜热厌氧异化铁还原细菌，分别命名为 DY22613T和 DY22619T。 
菌株 DY22619T 是一株严格厌氧细菌，其细胞呈长杆状，菌体大小为 2-6μ
m×0.5μm，有多个周生鞭毛，具有游动性。温度生长范围为 37-70℃， 适生
长温度为 60℃；pH 生长范围为 4.5-8.5， 适 pH 值为 7.0；盐度生长范围为






电子受体。菌株 DY22619T 的基因组 G＋C 含量是 29.5 mol%。该菌株与
Caloranaerobacter azorensis MV1087T的相似度 高（97.4%），16S rDNA 序列号
为 KC794016。根据该菌株与 Caloranaerobacter azorensis MV1087T在基因型和表
型上的差异，我们提出 DY22619T 代表了 Caloranaerobacter 属的一个新的种，并
且命名为 Caloranaerobacter ferrireducens sp. nov.  
菌株 DY22613T 是一株严格厌氧细菌，其细胞呈长杆状，菌体大小为 10-15
μm×0.5μm，有多个周生鞭毛，具有游动性。温度生长范围为 45-70℃， 适
生长温度为 60-65℃；pH 生长范围为 5.0-9.0， 适 pH 值为 7.0；盐度生长范围




















硝酸钠作电子受体。其基因组 G＋C 含量是 36.7%。该菌株的 16S rDNA 序列号
为 KC794015，与来自盐湖的嗜热嗜盐菌 Halothermothrix orenii 的相似度 高




递给胞外的铁氧化物。添加 0.1mM 的 AQDS（一种人工电子穿梭体）使这两株







没有发现在模式菌 Geobacter spp.和 Shewanella spp.铁还原代谢中起重要电子传
递功能的细胞色素 c，推测它们可能采用另一套电子传递系统进行胞外电子传递。



















   DIRMs (Dissimilatory Iron-Reducing Microorganisms), defined as one type of 
microorganisms which can reduce extracellular Fe(III) oxides, spread over all kinds of 
anoxic environments. 
   From the sulfides collected from East Pacific Ridge hydrothermal vents, 
22VI-EPR-S019-TVG13 and 22VI-EPR-S025-TVG19, we isolated two novel 
thermophilic dissimilatory Fe(III)-reducing bacteria which are designated as 
DY22613T and DY22619T, respectively. 
   Strain DY22619T was strictly anaerobic and motile, cells of which were long rods 
(2 to 6 μm in length, 0.5 μm in width) with multiple perichichous flagella and stained 
Gram-negative. Growth was observed from 37 to 70  and the optimum temperature ℃
for growth was 60 . ℃ The pH range for growth was from 4.5 to 8.5 with an optimum 
pH at 7.0. Strain DY22619T grew optimally at 30 g l-1 sea salts, with the upper and 
lower limits of growth around 100 and 10 g l-1 sea salts. Under optimal growth 
conditions on YTG medium, the shortest generation time observed was 0.92 h.  
   Strain DY22619T was heterotrophic, able to utilize proteinaceous substrates, such 
as peptone, tryptone, yeast extract, and beef extract, and some carbohydrates, such as 
galactose and glucose, and some amino acids. With peptone and yeast extract as 
electron donors, strain DY22619T was able to reduce some kinds of insoluble Fe(III) 
oxides (goethite weakly, akaganeite, amorphous FeOOH, and amorphous Ferric oxide 
with the exception of hematite) and sulfate, but not soluble Fe(III) citrate, Fe(III) 
chloride, nitrate, and elementary sulfur.   
Strain DY22613T was strictly anaerobic and motile, cells of which were long rods 
(10 to 15 μm in length, 0.5 μm in width) with multiple perichichous flagella and 
stained Gram-negative. Growth was observed from 45 to 70  and the optimum ℃
temperature for growth was 60-65 . T℃ he pH range for growth was from 5.0 to 9.0 















the upper and lower limits of growth around 80 and 10 g l-1 sea salts. Under optimal 
growth conditions on YTG medium, the shortest generation time observed was 0.91 h.  
   Strain DY22613T was heterotrophic, able to utilize proteinaceous substrates, such 
as peptone, tryptone, yeast extract, and beef extract, and some carbohydrates, such as 
galactose and glucose, and some amino acids. With peptone and yeast extract as 
electron donors, strain DY22613T was able to reduce some kinds of insoluble Fe(III) 
oxides (goethite weakly, akaganeite, amorphous FeOOH, and amorphous Ferric oxide 
with the exception of hematite) and sulfate, but not soluble Fe(III) citrate, Fe(III) 
chloride, nitrate, and elementary sulfur. 
   Strain DY22619T and DY22613T were able to reduce extracellular Fe(III) oxides 
segregated by dialysis tubes, and strain DY22613T could reduce the Fe(III) within 
alginate beads suggesting that both could reduce extracellular Fe(III) oxides without 
direct contacts. After the addition of 0.1 mM AQDS (an artificial electron shuttle) into 
the culture media, it was found that the Fe(III)-reducing rates of the two strains were 
stimulated by 11.7% and 74.0%, respectively. The addition of 4mM NTA (an artificial 
chelator) did not promote the ferric reduction by both DY22613T and DY22619T. 
Accordingly, we propose that electron shuttle model may be an important 
Fe(III)-reducing mechanism of the two strains. It was proved that quinones played an 
important role of electron shuttle in the model organism Shewanella spp. We have 
detected a large amount of quinones in the supernatants of both DY22613T and 
DY22619T. Further effort is being made to study their possible role in the iron 
reduction. 
   Genes encoding cytochrome c were abundant in the genomes of Geobacter spp. 
and Shewanella spp. While few genes of Cytochrome c were found in the genomes of 
strain DY22613T and DY22619T. So they may take use of a very different system to 
transfer electrons outside of their cells. Other important genes which may participate 
in the iron reduction have been predicted in their genomes, including Type IV pilus 
genes, Type II secretion system genes, quinone synthesis genes, riboflavin synthesis 
genes and biochelator genes such as siderophores. 






















-2 到+6 都有分布，但以+2 和+3 为普遍。 
铁是被认为是核子融合（Nuclear fusion）的终产物，因为它具有较高的单位
核子结合能（Binding energy per nucleon）。因此铁元素在宇宙中的含量相对丰富，




的平均铁含量大约是 6wt%，而下地幔（Lower mantle）中铁含量的 新估值则
大约是 10wt%[1]。 
 
图 1.1 铁在地球中的分布[1] 
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